Introduction
The major function of skin is to provide a protective barrier against the environment. The loss of integrity due to surgery, trauma, ischemia, burns, long-term high pressure or any other sort of external aggression can alter the morphological and functional skin conditions resulting in tissue injury or wound 1 .
It has been reported that partial thickness wounds are supposed to heal by mere epithelialization, whereas the healing of full thickness wound involves more complex wellregulated biological events, including the inflammatory response, granulation tissue formation, myofibroblastic differentiation and collagenization 2, 3 . This process is directly or indirectly responsible or eliminating the bacterial load, removing necrotic debris, inducing wound contraction and stimulating the scar formation.
The use of simple and reproducible models is a fundamental requirement for objective assessment of the effects of a wide range of external factors on the different steps of wound healing, i.e. inflammation, proliferation, and remodeling phases 4 .
Several studies have been performed in order to search for new therapeutic approaches to improve wound healing 3, 5 . Such studies have used histochemical and/or immunohistochemical methods to investigate the morphological changes that occur during the healing process of injured dermal tissues. However, there are only some few papers looking at the assessment and analysis of the histological features of stromal and inflammatory profile over the time-course of the spontaneous scar tissue formation 6 .
Thus, the goal of this study was to assess immunohistochemical profile of stromal constituents and lymphoid cells over the time-course of wound healing in a murine model.
With this study, we aim to provide more objective data about the relations between the histological changes and the evolution stage of wound healing.
Methods
All the procedures for animal research were performed in accordance with the guideline of the Brazilian Council for Animal Experimentation and followed a protocol approved by the Animal 
Biological assay
The rats were anesthetized with intraperitoneal ketaminexylazine (100 mg/kg -5mg/kg) and one full-thickness round-shaped wound was performed on the back (in the middle, on the spine, 1 cm under the interescapular area) of each animal using an 8 mm biopsy punch. The animals were assigned into four groups (n=6), according to the time of euthanize, which was carried out three, seven, 14 and 21 days after the surgical procedures. The euthanize was performed in CO 2 chamber (EB 248, 400 x 320 x 350 mm, Insight, Sao Paulo, Brazil) with 100% carbon dioxide continuous flux for 5 min. After death certification, the wounded areas were removed, formalin-fixed and paraffin-embedded. Histological sections, serial, of 5 µm thick, were obtained and stained by immunohistochemical techniques.
Immunohistochemical assay
Immunohistochemical staining was performed through the indirect biotin streptoavidin method using the DAB Detection Kit (Ventana Medical Systems, Tucson, AZ, USA). The sections were deparaffinized in xylene and were sequentially washed twice in 100% alcohol and in 95%, 90%, 80%, and 70% alcohol for 2 min. To increase the antigen detection, the slides were immersed in a citrate acid solution and were heated in a microwave for 20 min. The cells/ collagen-specific antigens staining were performed with primary antibodies as described in 
Statistical analysis
Statistical significance of the quantitative measurement was assessed by analysis of variance (one-way ANOVA) and Tukey test. Two-tailed a-levels of p<0.05 were regarded as significant difference.
Results
As demonstrated in Figure 1a and 2a, CD3 and CD20
antigens were found to be positive in uniform populations of small cells, round in shape with scant but well-defined cytoplasm and dark centrally placed nuclei, consistent with lymphocytes. At three days, the small amount of both CD3 and CD20 positive cells were concentrated in the bottom and edges of the wounds. The content of CD3 and CD20 positive cells is shown in Figure 1b and 2b, and presented a similar behavior. It was still inconspicuous and statistically similar to the NSS (p>0.05) at three days. The mean of both cell subsets increased significantly and reached the peak at seven days, and then decreased progressively untill 21 days.
Only at seven and 14 days the lymphoid infiltrate was significantly higher than in NSS (p<0.001). The content of CD3 positive cells was significantly higher than the CD20 positive cells at both seven (p<0.001) and 14 days (p<0.001) (Figure 2 ). was significantly higher than NSS (p<0.001, p<0.001 and p<0.05, respectively). In addition, the highest peak of myofibroblast was observed at seven days, and it was significantly higher than at all the experimental times (p<0.001) (Figure 4b ). . On the other hand, CD20 antigen is an activated-glycosylated . The major source of myofibroblasts in skin wounds is the fibroblasts recruited from dermis and subcutaneous tissues surrounding the wound, but pericytes and vascular smooth muscle cells are also potential able to differentiate into myofibroblasts 15, 16 . In this study, the immunohistochemical expression of α-SMA in stromal cells permeating collagen fibers was interpreted as positive markers of myofibroblasts, whereas stained cells surround blood vessels was considered consist with pericytes and then discarded. We found a peak of myofibroblast differentiation at seven days, with progressive decrease over 14 and 21 days, and a similar pattern was also reported in many other previous studies 2, 5 . It has been reported that the higher rate of fibroblasts differentiation into myofibroblasts at this experimental time is likely related to at least three biological events that typically occurs during the granulation tissue phase of wound healing are required to promote the differentiation of fibroblasts into myofibroblasts: accumulation of transforming growth factor β1 (TGF-β1), the presence of specialized extracellular matrix (ECM) proteins, such as the ED-A splice variant of fibronectin; and high extracellular mechanical stress of the ECM and cell remodeling activity 16 . On the other hand, further reduction of myofibroblasts number seems to occur in response to apoptosis mediated by progressive decrease in local levels of TGF-β 16 . Studies have demonstrated that myofibroblasts are essential to wound healing since there is a direct correlation between the wound tension strength, as well as wound contraction rates, and myofibroblasts differentiation 15 . Type I collagen is the major extracellular matrix compound of the dermal and mucosal connective tissues and it is fundamental to ensure the optimal mechanical properties of the healing scar.
Such biological activity depends on the optimal organization and interaction between collagen fibrils as well as between fibers 17 . In the current studym the quantitative analysis of the immunohistochemical expression of type I collagen, over the time-course of wound healing showed progressive collagenization occurring from three to 21 days, but even at the end of the experimental period, it remained lower in comparison with the non-injured dermal tissues. In accordance with our data, several studies have also reported the same collagenization profile in wound healing experimental models 3, 18 . At earlier phases, type I collagen fibers are scanty, thin, delicate and parallel-arranged, but as long as the healing process evolutes, the fibers become gross, thick, and display an interlaced arrangement. Such changes in the density and architectural organization of the collagen fibers likely occur to provide improvement of the tensile strength of the wounds.
Supporting this theory, it has been previously reported that about 3% of the intact skin resistance is restored at the end of the first week after the tissue injury, increasing to 30% at the third week and 90% after three months 19 . In approximately one year, the type I collagen content is quite close to that observed in non-injured skin, but the wound will never reach 100% of their physiological resistance of the normal dermal tissues 20 .
Conclusion
Lymphoid cells, myofibroblasts and microvessels contents varied over the time-course of wound healing, with peak at seven days and progressive reduction until 21 days. The type I collagen content increased over time.
